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Abstract
Following the trade liberalization in 1991, the Indian economy embarked on a path of rapid
growth of aggregate output. In particular, it witnessed a high growth rate of service sector
output while that of industry was relatively muted. As a result, the share of services in GDP has
come to resemble that of a high income country while its per capita income still remains that of
a low income country. Further, we also observe a sharp increase in the rate of growth of service
sector trade after liberalization. In this paper, we build a quantitative model which captures a
falling share of agricultural output and a rapidly increasing share of service sector output as the
economy grows. We develop a three sector open economy growth model and allow the economy
to trade with the rest of the world by exporting as well as importing services and industrial
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nia, Los Angeles 90089, USA. Telephone number-(001)213-820-9055.goods. We focus on two steady state years, 1970 and 1994, and assume trade to be balanced in
these two years. In addition, we allow for exogenous productivity growth in each of the three
sectors. We ﬁnd that it is high productivity growth, especially in the service sector, rather than
growth of trade in services which is the primary factor driving the high growth witnessed by the
Indian service sector.
21 Introduction
Figure 1 1 shows the evolution of India’s Real GDP (Gross Domestic Product) per capita from
1965 to 2004. During this period, Real GDP per capita increased from 186 to 538 2000 US dollars,
with an acceleration starting in the 1980s and getting higher during the 1990s. In particular, Real
GDP per capita grew at an average annual rate of 1.2 percent from 1965-1980 and increased to 3.5
percent during the 1980s and grew at 4 percent thereafter, starting from 1991. A careful look at
the disaggregated output level in ﬁgure 2 reveals the pattern of sectoral growth between 1951 to
2005. In 1951, the share of agriculture in total GDP was about 60 percent and steadily declined
over the years to account for 24 percent of GDP in 2005. While industry doubled its share in total
output from 15 percent in 1951 to 31 percent in 2005, the service sector also grew rapidly. In 1951,
its share in GDP was 26 percent and grew to about 48 percent in 2004 (share was about 52 percent
if we include public administration and defense). A comparison between the industrial and service
sector, as shares of GDP, reveals that the average growth rate of the former was slightly more than
the latter during the whole period, but the picture for the three sub-periods looks very diﬀerent
(Table 1 in appendix). During the ﬁrst and second sub-period (1951-1980 & 1981-90) industrial
growth was leading service sector growth; however service sector growth overtook that in industry
starting in 1991. In fact, the industrial growth rate, as a percentage of GDP, in the 90s was nega-
tive at 0.2 percent while that of services was 2 percent. The sub-sectors contributing most to the
rapid growth of services in the last sub-period were communications, banking and insurance; these
recorded average growth rates of 10.9 percent and 3.5 percent respectively.
The year 1991 marks a watershed year in India’s trade history as the economy went through a
process of formal liberalization. Major reforms were undertaken which did away with import licens-
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3ing on all but a handful of intermediate inputs and capital goods. A major step was taken towards
tariﬀ reduction. The reduction in tariﬀs was accomplished through a gradual compression of the
top tariﬀ rates with a simultaneous rationalization of the tariﬀ structure through a reduction in the
number of tariﬀ bands. In 1991, the highest tariﬀ rate stood at 355 percent which was drastically
reduced to 85 percent in 1993-94 and to 50 percent in 1995-96. This number is gradually being
phased down and was about 20 percent in 2003. Other concrete changes involved removal of export
controls, lifting of exchange controls and elimination of over valuation of the Indian Rupee. Another
major change the liberalization brought with it was in the service sector. The service sector had
been subject to heavy state intervention prior to the 90s. But after 1991 major steps were taken
to permit private sector participation as well as foreign investment in the service sector, especially
telecommunications, banking and insurance. Prior to 1991, India’s economy was essentially closed,
although preliminary trade reforms were taken in the mid 1980s which involved the government
loosening its grip on investment and import licensing. But it is well recognized that truly com-
prehensive, systematic and systemic reform program started only in 1991, and is in progress until
today.
Figure 3 displays India’s trade pattern between 1965-2004. We can observe an increase in both
the exports and imports of goods and services following 1991. The sectoral composition of trade is
seen in ﬁgures 4 and 5. While industry has always accounted for a high share in total exports and
imports, there seems to be little growth in its share of exports and declining growth in its share of
imports after the 1991 liberalization. By contrast, we see a rising share of service exports from 1995.
This increase occurs until 1999, remaining constant for a few years, only to rise once again after
2003. In sum, over a span of 9 years starting in 1995, the share of service sector exports in total
exports has grown from 17 percent to about 35 percent. Service sector imports have also increased
4from 28 percent in 1995 to about 40 percent of aggregate imports in 2004. Agricultural sector trade
has shown a declining trend with agricultural exports decreasing from 25 percent in 1980 to about
8 percent of total exports in 2004 and imports decreasing from 8 percent to about 5 percent of total
imports over the same time frame, reﬂecting the self suﬃciency in food production that India has
achieved.
The trends of capital-output ratios, gross capital formation and employment are traced in ﬁg-
ures 6, 7 and 8. The aggregate capital-output ratio has been decreasing over time. A similar trend
is seen in the capital output ratio of the agricultural sector, although the ratio is lower than that
seen at the aggregate level. There has been a dramatic reduction in the capital-output ratio in the
service sector, starting with value of 11 in 1970 and falling to about 1.7 in 2004. In comparison,
this ratio has been increasing in the industrial sector from 0.6 to about 4 in the ﬁnal year. Sectoral
capital formation trends are seen in ﬁgure 7. Capital formation has always been highest in industry,
followed by services, and then agriculture, although the data do not reﬂect any prominent trends.
Figure 8 reﬂects the pattern of sectoral employment for the years 1971, 1981, 1992 and 1997.
Agriculture accounts for the largest proportion of employment though its share has been decreasing
from about 75 percent to about 63 percent. The share of industry and services in total employ-
ment have been very similar, and have increased from 12 to about 19 percent. Thus, we observe
that the pattern of sectoral employment diﬀers from the pattern of sectoral output. The share of
employment in agriculture, although decreasing over the years, still accounts for the largest share
in total employment. However, growth of agricultural output has been retarding and its share in
GDP now, is the lowest as compared to industry and services. Employment in the service sector is
relatively low at 19 percent although the share of services in total GDP is highest. Thus we observe
that sectoral employment and output do not evolve in a similar fashion.
5The above empirical analysis exhibits a diﬀerent pattern of growth witnessed by the Indian
economy, relative to historical standards. While contemporary developed nations witnessed the
manufacturing sector to be the forerunner of growth during their development process, this role ap-
pears to be played by services in India. The greater share of services in total domestic output, and
its high growth rate after the trade liberalization make India a candidate for greater examination.
Thus we can infer that though India’s GDP per capita remains that of a low income country, its
high share of services in GDP has come to resemble that of a high income nation.
It may be tempting to link the increase in service sector output after 1991, with the rapid
growth of service sector trade, which took place after liberalization. On the other hand, this rapid
rise in service sector output could also be a by-product of enhanced productivity in this sector. As
a preliminary step towards analyzing the factors contributing to this high service sector growth,
we conduct a growth accounting exercise at the sectoral and aggregate level for the years 1971, 81,
92 and 97. The objective of this growth accounting exercise is to assess whether TFP growth can
account for output growth in the service sector and to use the calculated TFP growth rates as inputs
in the model. Our results show that the average growth rate of Total Factor Productivity (TFP)
in services exceeds that of industry and is the highest among the three sectors. Agriculture also
experiences high and positive TFP growth. It is surprising to see that TFP growth rate in industry
is negative during the 1970s and picks up only after 1980. Thus our growth accounting exercise
reveals a much higher growth rate of productivity in services than that observed in industry. This
is an interesting result, as traditionally, the industrial sector is seen to have higher TFP growth
that the service sector.
In this paper, we develop a quantitative, open economy growth model in an attempt to establish
whether service sector growth can be accounted for by the increase in service sector trade or due
6to high TFP growth in the service sector. The model has three sectors - agriculture, industry and
services and three inputs are required for the production process - capital, labor and land. We
allow for trade in two sectors, agriculture and industry, and trade consists of exports and imports
of service goods as well as industrial goods. In addition, there is exogenous growth of productivity
in each of the three sectors. These productivity growth rates are calculated as average growth rates
obtained by the growth accounting exercise. We focus on two steady state years and assume trade
to be balanced in these two years i.e value of net exports of services equals value of net imports of
industrial goods. These steady state years are assumed to be 1970 and 1994 since trade balance as
a share of GDP is closest to zero for the two years as seen in the Indian data.
The ﬁrst part of the analysis focuses on building a quantitative model which can replicate cer-
tain features speciﬁc to an economy undergoing economic growth and structural transformation.
We provide the results using two diﬀerent calibrations which use diﬀerent shares of capital income
in the economy and the three sectors. The ﬁrst simulation uses sectoral capital shares calibrated
from the Indian Social Accounting Matrix (SAM) while the second simulation uses those provided
by Brahmananda (1982). Under both simulations, we ﬁnd that the model fairs well in capturing
the correct direction of change as the economy transforms from a situation where the agricultural
sector dominates the GDP to a situation where the service sector gains primary importance. It
is successful in showing that resources get transferred from out of agriculture into industry and
services as the economy grows overtime. With regard to trade, the model approximates the share
of service sector net exports close to that seen in the data after trade liberalization.
The second part of our analysis conducts two counter factual experiments to examine the im-
portance of the two factors in bringing about this service sector driven growth. These two factors
are identiﬁed to be an increase in trade of goods and particularly services after liberalization and
7the growth in total factor productivity in each of the three sectors. The ﬁrst experiment shuts down
trade in the economy (in industry and services) and permits only TFP to grow in each of the three
sectors. The second experiment permits trade to take place but shuts down the growth of factor
productivity in the three sectors. The results of our model highlight the importance of TFP growth
over trade in explaining the high growth that the service sector was witnessing. Speciﬁcally, if we
do not allowing TFP to grow in 1994, the model allocates too much capital in agriculture and too
little in services and industry. As a result, the composition of GDP is heavily tilted in favor of the
agricultural sector at the expense of the service sector. This is observed under both simulations. In
contrast, trade does not appear to play a very important role in explaining the high service sector
growth, i.e if we do not allow for trade in both the years, 1970 and 1994, we do not observe much
quantitative diﬀerence between the results got under autarky and those obtained under free trade.
The rest of the paper is organized as follows: the next section describes the growth accounting
methodology and the results obtained, section 3 describes the model, followed by section 4 which
discusses the calibration and model results in detail, section 5 concludes as well as discusses possible
extensions and ideas for future research.
2 Growth Accounting
In order to measure the contribution made by factors of production relative to that made by total
factor productivity (TFP), we conduct a simple growth accounting exercise at the aggregate and
sectoral level. Aggregate and sectoral output data is taken from the GDP series in Business Beacon,
Center for Monitoring Indian Economy (CMIE). Agriculture includes forestry, logging and ﬁshing;
8Industry consists of manufacturing, mining, electricity, gas and water supply, and construction, while
Services include trade, hotels, transport, communication, ﬁnance, insurance, real estate, business
services and social and personal services (excluding public administration and defense). The lack
of time series data on sectoral employment restricts us from conducting annual accounting and has
restricted analysis to the years 1971, 1981, 1992 and 1997. Sectoral employment shares (as shares
of labor force) are obtained from the Indian Planning Commission and the labor force data is taken
from World Development Indicators (WDI) 2003. Thus the two, together, are used to calculate
the number of employees in each of the three sectors.
Data for the physical capital series is taken from the Central Statistical Organization (CSO)
and is available for the years 1981-92. We constructed a series for gross capital stock by summing
up the series for Net Fixed Capital Formation, change in inventories and depreciation for the years
available. For the years prior to 1981 (1970-1981) and after 1992 (1992-2003), we extrapolated the
sectoral capital stocks by using the average growth rates of the sectoral capital stocks calculated
from 1981-1992. For each year, capital stock for the aggregate economy is the sum of the sectoral
capital stocks.














where Yi is output, Ki is capital, Ni is labor, Li is land and Ai is TFP in sector i. To calculate
TFP using the above formula, we need values for αi, the capital income shares in GDP, and γ, the
share of rental income in agriculture. We calibrate these shares to data obtained from the Indian
9Social Accounting Matrix (SAM) for the year 1997, constructed by Pradhan, Saluja and Sahoo
(1998). This SAM is constructed for 60 sectors of the economy using two factors of production and
six categories of occupational households, separately for rural and urban areas. The next section
describes in detail how these shares were constructed.
2.1 Calibration of parameters
Table 2 in the appendix gives the parameter values of the capital, labor and land shares used in
growth accounting. We calculated the capital share of the economy and the sectors according to
the formula
αj =
Gross value added by capital
Gross output in the jth sector
where j ∈ {aggregate, agriculture, industry, services}
The capital shares obtained were too high, as a result of the practice of reporting the income of
the self-employed (large in India) as capital income. In particular, the share of capital in agriculture,
industry and services was 0.49, 0.46 and 0.57 respectively. This would imply an aggregate capital
share of 0.52, calculated by taking a weighted average of sectoral capital shares, αi, with weights
being the sectoral shares of output in 1997. Gollin (2002) ﬁnds that the widely used approach to cal-
culate labor shares in most economies, especially poor ones, underestimates the labor income of the
self-employed and other proprietors. This discrepancy arises because income of the self-employed
is treated as capital income, and hence over estimates capital shares in these economies. Hence
following Gollin, we adjusted the economy wide capital share by deducting the income of rural and
urban self-employed workers from capital income to get a value of aggregate capital share as 0.26.
Sectoral capital shares were also adjusted proportionally to correct for self-employment as data on
10sectoral self-employment were not available. The share of land in agriculture was taken to be 0.3
following work done by Abler, Tolley and Kriplani (1994). They conducted a regional study of the
Indian economy from 1960 to 1987 and reported factor shares for agricultural and non-agricultural
sectors. They ﬁnd that land’s share is typically in the 25−30 percent range in the Northern, East-
ern, and Southern regions of India, while the range for the Central region is 31-35 percent. Hence
we take this share to be 0.3. Labor shares were constructed as residuals.
As a secondary check, we calculated capital shares for the agricultural, industrial and service
sectors using the data provided by Brahmananda. He reports shares of wages, capital and land
(where available) for various sub-sectors and for the aggregate economy, for the years 1950-51,
1960-61, 1970-71, 1980-81. These sub-sectors are agriculture (proper), forestry & logging, ﬁsheries,
mining & quarrying, manufacturing (registered & unregistered), electricity, gas and water supply,
construction, railways, non-railways transport & storage, communications, trade, hotels & restau-
rants, banking & insurance. We use the shares of these sub sectors in sectoral output as weights
and construct a weighted average for capital income shares in each of the three sectors (agriculture,
industry & services) for each sub-period. We then take a simple average of these weighted shares
to get an average capital share for the three sectors over the entire period. The numbers obtained
are reported in table 3 in the appendix. In comparison with the shares calibrated from the SAM,
we see that we obtain identical estimates of aggregate capital share and similar capital shares in
agriculture and industrial sector. The capital share in the service sector obtained here is 0.37 and
diﬀers signiﬁcantly from what we get using the SAM, 0.28. In the next section, we provide growth
accounting results using these shares.
112.2 Results
Using natural logarithms we can re-write the production function as 2
logYit = logAit + αilogKit + (1 − αi)logNit
for i ∈ {aggregate, industry, services}
We use this expression to decompose the change in real GDP over period t to t + s 3
[logYit+s−logYit]/s = [logAit+s−logAit]/s+ αi[logKit+s−logKit]/s+ 1 − αi[logNit+s−logNit]/s
The ﬁrst term on the right measures the contribution of TFP growth to that of growth in real out-
put. The second term is the contribution of changes in physical capital and the third term measures
the contribution of changes in labor employed. Tables 4-10 report results for the aggregate economy
as well as for the three sectors, agriculture, industry and services. Tables 4-7 report results from
the growth accounting exercise using capital shares estimated from SAM (corresponding to table
2, we call them primary results) and tables 8-10 report results using capital shares from table 3
(Brahmananda’s estimates, we call them alternate results). For the aggregate economy, the factor
which played the most important role in bringing about increases in real GDP was TFP. Increases
in TFP accounted for more than half of the increase in output. Changes in labor employed also had
a signiﬁcant role to play as they accounted for about 35% of this increase in real output. Changes
in physical capital had a relatively small role to play and accounted for 13 % of the increase in
2
Agricultural production function is
logYagri.t = logAagri.t + αlogKagri.t + γlogLagri.t + (1 − α − γ)logNagri.t
3
For Agriculture, the expression is
[logYagrit+s−logYagrit]/s = [logAagrit+s−logAagrit]/s+ αi[logKagrit+s−logKagrit]/s+ γ[logLagrit+s−logLagrit]/s+ 1 − αi[logNit+s−logNit]/s
12real GDP. When looking at diﬀerent sub-periods, a slightly diﬀerent picture emerges. For the pe-
riod, 1971-81, the major factor contributing to the increase in real output was labor. Changes in
labor employed were responsible for 56% of the increase in real output, followed by TFP growth
which accounted for 40%, while changes in capital accounted for a small 4% of the increase in real
output. For the next period, 1981-92, TFP increase alone accounted for 57% of the growth in real
output, followed by changes in labor employed accounting for about 29% of the increase in real
output. Changes in physical capital had a small role to play and accounted for 14% of real output
growth. For the last sub-period, 1992-97, again the major contributor for real GDP growth was
TFP, although its share in bringing about increase in real GDP declined to about 53%. While the
contribution of labor employed remained unchanged at 29%, the share of physical capital in causing
increases in real output increased to about 18%.
For the agricultural sector, TFP growth accounted for 84% of increase in agricultural output
during the entire period 1971-97. Changes in labor employed accounted for about 24% of increase,
while land played a negligible role. Changes in physical capital had a negative impact on real output
as the stock of physical capital was decreasing in the rural sector. For each of the sub-periods, the
pattern of contribution is similar. Factor productivity changes were most important and accounted
for 79%, 87% and 84% of increase in agricultural output during 1971-81, 1981-92, 1992-97 respec-
tively. Thus role of TFP increased from the ﬁrst to the second sub-period and declined a little
during the last sub-period. The next factor responsible for agricultural output growth was a change
in the number of people employed in this sector. Labor changes accounted for 45%, 19% and 17%
of agricultural output growth during the ﬁrst, second and third sub-periods. Thus contribution of
labor has been declining over the years. Changes in physical capital were highly negative in the
ﬁrst and second sub-periods and had no role to play during the last sub-period. The contribution
13of land was smallest among other factors and although it contributed to about 4% of the increase
in output during the ﬁrst sub-period, it played no role during the second and third sub-period.
In the industrial sector, the largest contribution was made by labor which resulted in 52% of
increase in real GDP accruing in this sector during the entire period 1971-97. Changes in physical
capital were next in line and accounted for 46% of increase in industrial output. The role played by
TFP in industry was very small and stood at 2 %. During the ﬁrst sub-period, changes in physical
capital had an enormous role to play and accounted for about 95% of increase in real output followed
by changes in labor employed which accounted for 79% of increase in industrial output. However,
changes in TFP were highly negative of the order of 74%. For the next sub-period, 1981-92, con-
tribution by labor (41%) was more than that of capital (30%)and TFP changes became big and
positive resulting in a 29% increase in industrial output. During the last sub-period, the largest
contributor was employed labor (43%) followed by TFP (35%) and then physical capital (23%).
In the service sector, TFP as well as changes in employed labor were largest contributors for
the whole period 1971-97. While labor employed accounted for about 50 % of the increase, changes
in TFP were responsible for 49% of the increase and the residual 1% was attributable to physi-
cal capital. During the ﬁrst sub-period, changes in labor employed were larger (72%) than TFP
changes (40%) while changes in physical capital were negative at 12%. During the second and third
sub-periods, TFP changes outdid labor changes and were the largest contributors accounting for
54% and 49% of increase in real output in the second and third sub-period respectively. Changes in
labor employed declined from 44% to 39% while the role of physical capital increased in importance
from 3% to 12% between the second and third sub-period.
Alternate results for the aggregate economy are identical to the primary results since the aggre-
gate capital share is the same, 0.26. For the agriculture sector, we get the same qualitative results
14as above with TFP being the largest contributor to agricultural growth. Over the whole period,
1971-97, physical capital changes in industry were largely responsible for increase in output (56%)
followed by changes in labor (48%). A comparison between the two tables 6 and 9 reveals that
when using Brahmananda’s estimates of capital shares, TFP’s contibution was negative at 4% for
the entire period while this ﬁgure stands at 2 % when we use estimates from the SAM. However for
each of the sub-periods, the results are similar to the primary results with physical capital being the
largest contributor to industrial output growth during 1971-81 and TFP playing a largely negative
role in this sub-period. During the next two sub-periods, labor was the largest contributor followed
by physical capital in the second sub-period and TFP in the third sub-period.
For the service sector, the alternate accounting exercise yielded diﬀerent results. For the entire
period 1971-97, the role played by TFP increased to 55%, followed by labor (44%); capital changes
played a very small role resulting in only 2% of increases in output. However qualitatively we get
similar results as those obtained from the primary accounting exercise. During the ﬁrst sub-period,
labor changes were the largest contributor (63%) followed by changes in TFP accounting for 52%
of the increases in output. Contribution of capital was again negative at 15%. But during the
second and third sub-period, the contribution of labor declined and that of TFP increased as factor
productivity became the largest contributor to service sector output growth. The role played by
changes in physical capital became positive during the second and third sub-periods, although it
remained the smallest contributor to service sector growth.
Table 11 records the average annual growth rates of TFP in the three sectors and the aggregate
economy and computes a simple average of these three sub-period geometric growth rates to get an
average growth rate for the entire period 1971-1997. It is these average growth rates which we use as
inputs in the model. These growth rates are also displyed in ﬁgures 9 and 10. An interesting result
15is that for the entire period 1971-97, the average growth rate of TFP in the service sector is highest
at 3% and exceeds that of industry which is very small at 0.5%. The phenomenon of service sector
TFP growth being larger than that of industry, is a departure from what historical data suggest
about the growth and transformation of contemporary industrialized economies. These economies
witnessed much higher growth of industrial TFP as compared to services. Fisher (2005) studies the
US economy and conducts a growth accounting for the US economy from 1986-2001. He ﬁnds that
the common rate of Hicks-neutral technological progress in manufacturing is 2.1 percent per annum
and that in services is 0.5% per annum. Thus India’s case exhibits an odd dominance of service
sector TFP growth in the economy.
We also conduct a sensitivity analysis by using the constructed capital shares from table 3 to
calculate average annual growth rates of TFP (Table 11, ﬁgure 10). Using these capital shares, the
average growth rate of TFP in the service sector increases slightly to 3.3 percent. The growth rate
of TFP in the industrial sector actually declines to 0.2 percent. If we assign the “standard” capital
share of 0.3 to each of the three sectors as well as the economy, then we observe the aggregate TFP
growth rate to be 2.5 percent. The average growth rate of TFP in agriculture and services is 2.7
percent and 3.1 percent respectively while that of industry falls to a staggering low of 0.04 percent.
3 The Model
There are three ﬁnal goods, consisting of agricultural goods, industrial goods, and services, three
primary factors - capital, labor, and land (in agriculture); and trade consisting of exports of services
and imports of industrial goods.
We allow for technological growth in each of the sectors as TFP grows at a constant (exogenous)
16rate. The production functions for each of the ﬁnal goods display constant returns to scale and are
assumed to be Cobb-Douglas.
3.1 Technology
The model is set up in terms of per capita quantities. Agricultural goods are produced using
capital ka, land la, and labor na as inputs; industrial goods and services are produced using capital
and labor, ki, ni, ks and ns respectively. Time is continuous, and t ≥ 0, and on a per capita basis












where ba, bi, bs, ηa, ηi, ηs, β, γ ≥ 0, β + γ ≤ 1, and 0 ≤ α, φ, ψ < 1. We assume that ﬁrms behave
competitively in all markets.
There are three market clearing conditions for produced goods:
˙ k + (δ + ν)k(t) + ci(t) = yi(t) + nii(t) (5)
ca(t) = ya(t) (6)
cs(t) = ys(t) − nxs(t) (7)
where nii(t) = ii(t) − xi(t) and nxs(t) = xs(t) − is(t). Output of industrial goods, domestically
produced, as well as that imported is used to ﬁnance domestic consumption, investment and exports
of industrial goods. Capital depreciates at the constant rate δ > 0, and investment must also oﬀset
17population growth. Food consumption is met from domestic production and output of domestic
services as well as imported services is used for domestic consumption and exports to the rest of
the world.
There are also three market clearing conditions for primary inputs:
ka(t) + ki(t) + ks(t) = k(t) (8)
na(t) + ni(t) + ns(t) = 1 (9)
la(t) = e−νtlo (10)
where labor supply per capita is normalized at unity and where lo is the initial supply of land per
capita, also normalized to unity.
We allow for foreign trade. When calibrating the model, industrial net imports are ﬁxed at a
level chosen to match the data, and net exports of services are assumed to adjust. We make a
simplifying assumption of trade being balanced in the steady state. Hence this implies that the net
exports of services needed to pay for net imports of industrial goods are
ps(t)nxs(t) = pi(t)nii(t) (11)
We take prices of industrial goods, pi as given and assume it to be unity at all dates. Then let
{Rk,Rl,w,pa,ps,} denote the relative rental prices for capital and land, the relative wage rate, and
the relative prices of agricultural goods, and services respectively.
3.2 Preferences
We assume an inﬁnitely lived representative household whose size grows at the ﬁxed rate ν. The
household’s preferences are additively separable over time, with a ﬁxed rate of time preference ρ,




In order to capture declining income share for food, we assume that instantaneous utility has the
following simple form. Individuals consume only agricultural goods up to a threshold c∗
a, so at low
income levels only food is consumed; and after the threshold is attained, all additional consumption
expenditures are for non-agricultural goods. In particular,
u(ca,ci,cs) =

   
   
ca − c∗







(1−σ) if ca ≥ c∗
a
where σ ≥ 0.
We are interested only in the phase where industrial goods and services are consumed and ca=c∗
a.










subject to the budget constraint
˙ k = (Rk − δ − ν)k + w + Rlloe−νt − pac∗
a − ci − pscs + psnxs − nii (14)
and a transversality condition, given all prices, the net import level of industrial goods nii, and the
initial conditions ko, lo.
The above equations, together with assumptions that ﬁrms maximize proﬁts and markets are
perfectly competitive, provide a complete description of the model. The appendix discusses in detail
the calculation of steady states.
194 Calibration & Numerical Results
The two years considered as candidates for steady states are 1970 and 1994. In these two years,
trade is closest to being balanced when we look at the trade balance as a percentage of GDP in
the Indian trade data. In 1970 and 1994, trade balance as a percent of GDP was -0.4 percent.
The balanced trade condition allows us to solve for the two steady states in a static framework. In
solving for the two steady states, we will ﬁx net imports of industrial goods (as a share of domestic
output) from the data and allow net exports of services (as a share of domestic output) to adjust.
The parameter values used for the simulations are displayed in table 12 in the appendix. The
sectoral shares of capital have been constructed from the SAM for India as explained earlier. The
value of land share in agriculture, γ, is taken from earlier work as described in section 2; labor
shares are constructed as residuals. The TFP growth rates for each of the three sectors have been
taken from the growth accounting exercise and correspond to the period averages in table 11, while
their levels in the initial period have been normalized to one. The rate of depreciation, δ is set at
5 percent.
On the preference side, the rate of time preference, ρ is set at 4 percent (corresponding to a
discount factor of 0.96). The population growth rate is set at its historical average for the period,
1970-1994, at 0.2 percent. The weight on industrial goods in discretionary consumption, ζ, is
calculated from the Indian data to be 0.2. The initial supply of land, lo, and consumption of
agricultural goods, c∗
a, is normalized to 1. The interest rate in steady state is the sum of ρ and
δ and is therefore equal to 9 percent. The share of industrial net imports in domestic industrial
output is set to match the data for each year, nii = 2.7% in 1970 and 1.8% in 1994. Price of
industrial goods is exogenous and normalized to unity at both dates.
204.1 Results
Table 13 in the appendix reports the results from the model for the two years, 1970 & 1994,
using the parameters calibrated from the SAM. The model’s prediction of the composition of output
in the three sectors are close to the data in 1994 and are a rough match to the data in 1970. In
1970, the share of agriculture in GDP was 47 percent in the data; the model predicts this to be
higher at 64 percent. In 1994, the ﬁt of the model improves and comes close to the share of 33
percent in the data by predicting the model share to be 36 percent. The model predicts the share of
GDP accruing in the industrial sector to be 21 percent in 1970, the data shows this as 23 percent.
In 1994, the model exactly matches the data and predicts thie industrial share in GDP to be 28
percent. For services, the shares in the data are 29 percent and 39 percent respectively across the
two years; the model predicts the shares to be 15 percent and 36 percent respectively . Thus the
model’s predictions are closer for the later year.
The model comes close to matching the investment-output ratio in the economy for both the
years. The data reveals this share to be 19 and 23 percent respectively across the two years, the
model gives us a ratio of 19 percent in the earlier year and 20 percent for the later year. The model
comes very close to predicting the capital-output ratio at 2.78 as compared to 2.7 in the 1970 data,
although the model cannot match the observed share in 1994. The data values of the factor shares
(for both years) correspond to the average factor shares for the economy that we computed in table
2. The share of capital income for the aggregate economy predicted by the model ﬁts very well for
the two years while the model’s predictions for the labor shares and land shares are roughly close
to the data.
The model misses on the levels of factor allocation between the three sectors for the two years.
The data shows that the allocation of capital was highest in the service sector followed by agriculture
21and then industry in 1970. However the model predicts the largest share of capital to be in the
agricultural sector followed by industry and then services in 1970. In 1994, the model predicts that
the share of agricultural capital in the economy declines from 64 to 35 percent while in the data we
observe the share to decrease from 27 to 17 percent. Thus we observe that the model does correctly
capture the direction of the falling capital share in agriculture. The model’s predictions for share of
industrial capital in the economy approximates close to the data in 1970, although it over predicts
its share in 1994. However, the model can capture the increasing direction of allocation of capital
in the industrial sector.
While the model cannot predict the declining share of capital in services, it does predict the share of
capital to be very close to that seen in the data in 1994. The model does not perform too badly in
capturing the declining share of agricultural labor across the two years though the rate of decline is
much higher as predicted by the model. It over predicts employment in industry and services at the
expense of agriculture in 1970. However in 1994, the model allocates much less labor to agriculture
and much more to industry but it does result in a close match to level of service employment. In
terms of direction, it correctly captures the shift of employment away from agriculture into industry
and services.
The model correctly captures the direction of increasing service exports across the two steady
states and can also provide a close match to the level of service net exports observed in the data in
1994. It overestimates the level of the net export of services in 1970. This could be attributed to
the fact that in 1970, India had a signiﬁcant share of exports in the rural sector. Thus the balance
trade condition forces the model to ﬁnance total industrial net imports by over predicting the value
of service sector net exports.
Table 14 computes the average annual percentage change for the whole period and compares
22the results from the model to that of data. The model predicts the share of agriculture in GDP to
decline faster than what is observed in the data, -1.5 percent in the data, versus -2.4 percent in the
model. In terms of magnitude and direction, the model predicts the growth rate of industry to be
positive at 1.1 percent which is close to the growth rate seen in the data, 0.8 percent. The direction
of change in service sector output is increasing both in the data and model though the magnitude is
higher in the model (3.9 percent) than in the data (1.3 percent). This is because the model cannot
approximate the right share of output in the service sector in 1970 as it allocates much less capital
to the service sector in this year. The model predicts an almost unchanging capital output ratio
over time though the data shows this ratio to be falling. This is because we assume constancy of
real interest rate across the two steady states. Except for capital allocation in the service sector, the
model captures the right direction of change in factor allocations . In this respect, it can capture
the idea of structural change being a movement of resources away from agriculture towards industry
and services. As for capital allocation in services, the data shows this to be decreasing which is a
feature this neo-classical model of growth fails to capture.
4.2 Alternate Simulation
We also ran the simulations using capital share values estimated using Brahmananda’s data.
The results are reported in tables 15 and 16 in the appendix. The main improvement is seen in
the model’s prediction for composition of GDP. In 1970, the share of agriculture in total output
is 57 percent and is closer to that seen in the data of 47 percent. In 1994, the ﬁt is even better
with data showing 33 percent of output accruing in agriculture and the model displaying this to
be 31 percent. For industry, the ﬁt approximates close to the 1970 data value of 23 percent as the
model estimates this share to be 25 percent. In 1994, the share is slightly higher at 32 percent as
23compared to 28 percent seen in the data. The share of service sector in GDP is 29 percent in the
data in 1970, but the model predicts this share to be lower at 18 percent though it performs better
than the primary simulation estimate of 15 percent. In 1994, this share increases to 39 percent in
the data and here the model does well in estimating this value to be quite close at 37 percent.
In terms of average annual percent changes, the results obtained for compositional change in
agricultural and industrial output are similar to those obtained under the primary simulation. Al-
though the growth of services in GDP is not close to the value seen in the data (1.3 percent) the
alternate simulation estimates this rate to be 3.1 percent and hence lower than the primary simu-
lation estimate of 3.9 percent.
In terms of factor allocation, this simulation provides a closer ﬁt to the data than the primary
simulation with respect to allocation of capital in agriculture for both the years. It over predicts
the share in 1970 at 53 percent (lower than primary simulation estimate at 63 percent) compared
to 27 percent in the data but provides a rough match at 27 percent, to the 1994 data value of 17
percent. The share of capital in industry in 1970 is approximated well by the model at 20 percent
(23 percent in the data) and though it cannot predict the share very well in 1994 it performs better
than the primary simulation. In 1994, the share of industrial capital in the economy is 45 percent
in the data, 25 percent predicted by primary simulation and 29 percent predicted by the alternate
simulation. For the service sector, the share of capital in the economy is 50 percent in the data and
the alternate simulation improves the ﬁt of the model as compared to the primary one by predicting
the share at 23 percent in 1970. However, in the later year, the alternate simulation’s prediction is
not better than the primary simulation. The share of capital in services is 39 percent in the data,
this share is estimated to be 40 percent by the primary simulation and 44 percent by the secondary
simulation.
24We get qualitatively similar results to the primary simulations, when computing average annual
percent changes of factor allocations across the three sectors. The alternate simulation results score
over the primary one when we measure the average annual change of labor allocation in services.
While this rate is seen to be 1.7 percent in the data, under the alternate simulation this rate is
slightly higher at 2.6 percent although it outperforms the primary simulation results of 3.3 percent.
Even under this simulation, the model cannot capture the correct direction of falling share of capital
in the service sector.
The model ﬁts quite well the investment-output ratio seen in the data for both the years. In
1970, this ratio is 19 percent and rises to 23 percent in 1994. The model estimates this ratio to
be 23 percent in 1970 and 24 percent in 1994; hence the growth rates match closely, 0.8 percent in
the data and 0.3 percent in the model. The model’s prediction for the capital-output ratio of the
economy under the alternate simulation do not perform better than the primary simulations and
overpredict the ratio in both the years (in 1970 K/Y is 2.7 in the data and 3.23 in the model and
in 1994 K/Y is 1.09 in the data and 3.45 in the model).
When we compare the net export values, these simulations perform better than the earlier one.
Though the share of net exports of services as predicted by the model in 1970 is at 8.6 percent
compared to a slightly negative share observed in the data 9 (-0.001 percent), the ﬁt is closer to
the 1994 data value of 4.6 percent as the model computes the net service exports to be 6 percent.
A point to note is that for 1970 alternate simulation performs better and for 1994 the primary
simulation provides a closer ﬁt.
In terms of factor shares, the closest match to the data is given by the share of capital in the
economy. The data values of the factor shares (for both years) correspond to the average factor
shares for the economy that we computed in table 3. We observe this share to be 0.26 in the data,
25in the model it is estimated at 0.29 and 0.31 for the two years respectively. The model roughly
matches the share of labor and land for the two years and it correctly captures the declining share
of land rents in the economy.
5 Counterfactual Experiments
The second objective of this paper was to analyze the factor(s) responsible for the increase in
service sector growth in India: Was it an acceleration of trade in services that occurred after the
trade liberalization in 1991 or was it high growth in factor productivity in the service sector that
caused the rapid growth in service sector output. In this respect, we conduct two counter factual
experiments. The ﬁrst experiment allows TFP growth to take place in all three sectors but does
not allow any trade to occur in industry and services. The second experiment allows trade to take
place in the industrial and service sector but shuts down the growth of TFP in each of the sectors.
Thus TFP does not grow from 1970 to 1994. The results are displayed in tables 17 and 18. While
the top row results use capital shares calibrated from the SAM the bottom row results correspond
to the capital shares using Brahmananda’s estimates.
Table 17 displays the results when we shut down trade in the industrial and service sectors. In
order to contrast the autarky case with the trade case we will compare tables 17, 13 and 15. A
comparison reveals that factor allocation as well as composition of GDP does not change much as
we move from an environment of trade to no trade. Even the aggregate ratios of investment-output,
capital-output as well as factor shares in the economy do not diﬀer much from each other. These
inferences are true for both the primary and alternate simulations. Thus it appears as if trade is
26not the driving force behind the growth of the Indian service sector and the Indian economy.
The above inferences do not apply to the second experiment we conduct. Here we shut down
TFP growth in each of the three sectors but allow trade to persist in the economy. The results are
reported in table 18 and are contrasted with tables 13 and 15. We get very diﬀerent results. In
1994, the model predicts a much larger share of output accruing in the Indian agricultural sector
at the expense of industry and services. The output of agriculture increases to 75 percent and
industrial output decreases to 20 percent while services decrease to a mere 6 percent under the
primary simulations. The alternate simulation performs slightly better quantitatively but generates
the same results qualitatively i.e- output of agriculture increases to 67 percent and that of industry
decreases to 23 percent and service share declines to 10 percent. The high share of agriculture in
total output is due to the high share of both capital and labor moving into this sector in 1994.
Under the primary simulations, we get 75 percent of capital and 64 percent of labor entering the
agricultural sector in 1994 while the alternate calibration displays these ﬁgures to be 64 and 56
percent respectively. Again, this happens largely at the expense of service sector as well as the
industrial sector. The share of employment of capital and labor in services declines sharply to 6 and
8 percent (13 and 12 percent) and the corresponding share in the industrial sector also decreases to
18 and 29 percent (23 and 33 percent) under the primary (alternate) calibration. Investment-output
and capital-output ratios are not altered much from the original case. In terms of factor shares,
share of capital does not vary much under both the simulation (slightly decreases in the alternate
calibration). The share of labor income in the economy decreases and that of land increases for
both the primary and alternate simulations. Thus it can be concluded that TFP growth in all
three sectors is important to generate the structural shift of resources and output moving out of
agriculture and into industry and services.
276 Conclusion and Potential Extensions
The ﬁrst part of our analysis concentrated on building a three-sector open economy growth
model with trade in the industrial and service sector and growth of factor productivity in each
of the three sectors. From the Indian data, we observe that over the years, the share of industry
and services have been rising while that of agriculture has been falling. However, the growth in
the service sector becomes more rapid than that of industry and becomes more prominent after
the trade liberalization in 1991. The model developed here was successful in capturing the correct
direction of structural change as the economy transforms from a situation where the agricultural
sector dominates the GDP to a situation where the service sector gains primary importance. It
also shows that resources get transferred from out of agriculture into industry and services as the
economy grows overtime. The model also approximates the share of service sector net exports close
to that seen in the data after trade liberalization.
The second focus of our analysis was to identify the factors which were the driving force behind
the rapid growth in the service sector. We identiﬁed these two factors to be TFP growth in each
of the three sectors and trade of goods and services. We ﬁnd that it is TFP growth which is the
driving force behind the increase in service sector output. In contrast, trade does not appear to
have a major role in explaining the growth and structural change that the Indian economy went
through.
There are several extensions which could improve the performance of the model. The simplifying
assumption of balanced trade imposed in this model could be modiﬁed . The assumption of service
sector net exports ﬁnancing industrial net imports was adopted as a preliminary step towards
introducing trade in a three sector growth model. However, this assumption renders the model
28incapable of matching the low level of service sector net exports in 1970. In the data, we observe
a signiﬁcant amount of agricultural exports in 1970. But by not permitting trade to take place in
the agricultural sector, the burden of ﬁnancing industrial net imports falls on the service sector and
hence the model over predicts the level of service sector net exports. Thus a more realistic approach
would be to do away with the balanced trade assumption which we imposed for our steady state
analysis.
A more challenging and ambitious project would be to derive the transition dynamics of an
economy which moves from a stage of little trade to that post liberalization. In an extended version
of this paper, we will try and derive this transitional path. Moreover, we would also like to examine
the implications for growth in the future- to see the rate as well as the pattern of the growth
predicted by the model and to see how long it would take the Indian economy to reach the income
level attained by most of the rich industrialized nations today.
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Market Clearing for produced goods
˙ k + (δ + ν)k(t) + ci(t) = yi(t) + nii(t) (4)
ca(t) = ya(t) (5)
cs(t) = ys(t) − nxs(t) (6)
Market Clearing for primary inputs
ka(t) + ki(t) + ks(t) = k(t) (7)
na(t) + ni(t) + ns(t) = 1 (8)
la(t) = e−νtlo (9)
Foreign trade (bi-directional trade in Industry and Services)
ps(t)nxs(t) = ps(t)nis(t) (10)
We normalize price of industrial goods to 1, so above equation simpliﬁes to









   
   
ca − c∗







(1−σ) if ca ≥ c∗
a
where σ ≥ 0.
We are interested only in the phase where industrial goods and services are consumed and ca=c∗
a.










subject to the budget constraint
˙ k = (Rk − δ − ν)k + w + Rlloe−νt − pac∗
a − ci − pscs + psnxs − nii (14)
Calculations
Firm Behavior














Γa ≡ [baββγγ(1 − β − γ)1−β−γ]−1 (17)
Γi ≡ [biαα(1 − α)1−α]−1
Γs ≡ [bsφφ(1 − φ)1−φ]−1
(18)




































(Rk − δ − ν)k + w + Rlloe−νt − pac∗


























∂k gives us Rk = ρ + δ
From market clearing, we know
cs = ys − nxs (23)








Substituting the factor demand equations into the resource constraints, we get resource constraint
for k
ka + ki + ks = k (25)
βva + αvi + φvs = Rkk (26)
35Resource constraint for n
na + ni + ns = 1 (27)
(1 − β − γ)va + (1 − α)vi + (1 − φ)vs = w (28)
Resource constraint for l
la = e−νtlo (29)






where va = paya, vi = yi, and vs = psys
Substituting Rl in equation for pa and ya = c∗






Also, market clearing for industrial goods gives
˙ k + (δ + ν)k(t) + ci(t) = yi(t) + nii(t) (33)
In steady state, ˙ k = 0 so this ⇒,
ci(t) = yi(t) + nii(t) − (δ + ν)k











36Rkk = βva + αvi + φvs (37)
w = (1 − β − γ)va + (1 − φ)vs + (1 − α)vi (38)






ci + psnxs (41)
ci = yi + nii − (δ + ν)k (42)
Rk = ρ + δ (43)
Since Rk = ρ + δ is known, equation (34)can be solved for w
w = [e−ηitΓiRα
k](1/(α−1)) (44)
Once w is determined we can determine pa and ps.
To calculate quantities, we use market clearing conditions for agricultural goods and services to
eliminate va and vs in the resource constraints for capital and labor. Using the market clearing
condition for industrial goods and substitute for value of ci in the market clearing condition for










We can use the above equation to eliminate vs. The resource constraints for capital and labor then
provide a pair of linear equations in k, yi, nxs
βpac∗
a + φZ1nii + [α + φZ1]yi + psnxs − [φZ0 + Rk]k = 0 (45)
(1−β−γ)pac∗





Here we ﬁx nii and solve for k, yi, nxs. Equations (45) and (46) along with the Balanced trade
condition (11) are three equations and can be solved for the 3 endogenous variables k, yi, nxs.
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43Table 1: Average Economic Growth Rate (% of GDP)
Sector 1951-2004 1951-80 1981-1990 1991-2004
Agriculture -0.02 -0.01 -0.01 -0.03
Industry 0.01 0.02 0.01 0.00
Mining and Quarrying 0.01 0.01 0.03 -0.01
Manufacturing 0.01 0.02 0.01 0.00
Manufacturing, registered 0.02 0.03 0.02 0.00
Manufacturing, unregistered 0.00 0.01 0.00 -0.01
Electricity, gas & water supply 0.04 0.06 0.03 0.00
Construction 0.01 0.01 -0.01 0.00
Service (exc. Pub. Adm. & Def.) 0.01 0.01 0.01 0.02
Trade, hotel, transport & communication 0.01 0.02 0.00 0.02
Trade, hotels and restaurants 0.01 0.01 0.00 0.01
Trade 0.01 0.01 0.00 0.01
Hotels and restaurants 0.02 0.01 0.01 0.03
Transport, storage & communication 0.02 0.02 0.00 0.03
Railways 0.00 0.01 -0.01 -0.02
Transport by other means 0.02 0.03 0.01 0.01
Storage -0.01 0.02 -0.03 -0.04
Communication 0.05 0.03 0.00 0.11
Finance,insurance,real estate,bus. serv. 0.01 0.00 0.03 0.02
Banking & insurance 0.04 0.04 0.05 0.04
Real estate,ownership of dwellings &.. 0.00 -0.01 0.02 0.01
Other services 0.00 0.00 0.00 0.01Table 2: Factor shares
Parameter Description Value
αaggregate share of capital income in economy 0.26
αagriculture share of capital income in Agriculture 0.25
αindustry share of capital income in Industry. 0.23
αservice share of capital income in services 0.28
γ share of rental income in Agriculture 0.30
Table 3: Constructed capital shares using Brahmananda’s estimates
Year Agriculture Industry Services Economy
1950-51 0.27 0.26 0.43 0.25
1960-61 0.25 0.27 0.43 0.25
1970-71 0.26 0.27 0.30 0.25
1980-81 0.29 0.34 0.32 0.29
Average K share 0.27 0.28 0.37 0.26
Table 4: Growth Accounting Results (Primary)
Aggregate Economy
Change in Contribution of
Period Output Physical capital Labor TFP
1971-81 2.90 0.13 1.61 1.16
(4%) (56%) (40%)
1981-92 5.04 0.72 1.46 2.86
(14%) (29%) (57%)
1992-97 6.62 1.19 1.90 3.53
(18%) (29%) (53%)
1971-97 4.52 0.58 1.60 2.34
(α = 0.26) (13%) (35%) (52%)
45Table 5: Growth Accounting Results (Primary)
Agriculture
Change in Contribution of
Period Output Physical capital Labor Land TFP
1971-81 1.48 -0.42 0.67 0.06 1.17
(-28%) (45%) (4%) (79%)
1981-92 2.92 -0.16 0.55 -0.01 2.54
(-6%) (19%) (0%) (87%)
1992-97 4.57 0.01 0.76 -0.02 3.82
(0%) (17%) (0%) (84)%)
1971-97 2.69 -0.23 0.64 0.02 2.26
(α = 0.25,γ = 0.3) (-8%) (24%) (1%) (84%)
Table 6: Growth Accounting Results (Primary)
Industry
Change in Contribution of
Period Output Physical capital Labor TFP
1971-81 3.92 3.73 3.09 -2.91
(95%) (79%) (-74%)
1981-92 6.18 1.87 2.51 1.80
(30%) (41%) (29%)
1992-97 7.30 1.65 3.12 2.52
(23%) (43%) (35%)
1971-97 5.52 2.54 2.85 0.13
(α = 0.23) (46%) (52%) (2%)
46Table 7: Growth Accounting Results (Primary)
Services
Change in Contribution of
Period Output Physical capital Labor TFP
1971-81 4.17 -0.48 2.99 1.66
(-12%) (72%) (40%)
1981-92 6.41 0.16 2.81 3.44
(3%) (44%) (54%)
1992-97 7.77 0.94 2.99 3.83
(12%) (39%) (49%)
1971-97 5.81 0.07 2.91 2.83
(α = 0.28) (1%) (50%) (49%)
Table 8: Growth Accounting Results (Alternate)
Agriculture
Change in Contribution of
Period Output Physical capital Labor Land TFP
1971-81 1.48 -0.45 0.64 0.06 1.23
(-30%) (43%) (4%) (83%)
1981-92 2.92 -0.17 0.52 -0.01 2.58
(-6%) (18%) (0%) (88%)
1992-97 4.57 0.01 0.73 -0.02 3.86
(0%) (16%) (0%) (84)%)
1971-97 2.69 -0.24 0.61 0.02 2.31
(α = 0.27,γ = 0.3) (-9%) (23%) (1%) (86%)
47Table 9: Growth Accounting Results (Alternate)
Industry
Change in Contribution of
Period Output Physical capital Labor TFP
1971-81 3.92 4.54 2.89 -3.52
(116%) (74%) (-90%)
1981-92 6.18 2.27 2.34 1.56
(37%) (38%) (25%)
1992-97 7.30 2.01 2.92 2.37
(28%) (40%) (32%)
1971-97 5.52 3.10 2.67 -0.24
(α = 0.28) (56%) (48%) (-4%)
48Table 10: Growth Accounting Results (Alternate)
Services
Change in Contribution of
Period Output Physical capital Labor TFP
1971-81 4.17 -0.63 2.62 2.19
(-15%) (63%) (52%)
1981-92 6.41 0.22 2.46 3.74
(3%) (38%) (58%)
1992-97 7.77 1.25 2.62 3.90
(16%) (34%) (50%)
1971-97 5.81 0.09 2.55 3.17
(α = 0.37) (2%) (44%) (55%)
49Table 11: TFP Growth Rates
Average annual growth rate
Sector 1971-81 1981-1992 1992-97 1971-974
Agriculture
(α = 0.25, γ = 0.3) 1.2% 2.6% 3.9% 2.6%
(α = 0.27,γ = 0.3) 1.2% 2.6% 3.9% 2.6%
Industry
(α = 0.23) -2.9% 1.8% 2.6% 0.5%
(α = 0.28) -3.5% 1.6% 2.4% 0.2%
Service
(α = 0.28) 1.7% 3.5% 3.9% 3.0%
(α = 0.37) 2.2% 3.8% 4.0% 3.3%
Aggregate (α = 0.26) 1.2% 2.9% 3.6% 2.6%
50Table 12: Parameter Values
Parameter Description Value
α share of capital income in industry 0.23
β share of capital income in agriculture 0.25
γ share of rental income in agriculture 0.30
φ share of capital income in services 0.28
δ depreciation rate 0.05
ρ rate of time preference 0.04
ν rate of population growth 0.02
ζ share of ind. goods in consumption 0.20
ηa rate of technological change in agriculture 0.02
ηi rate of technological change in industry 0.005
ηs rate of technological change in services 0.03
nii (1970) share of net ind. imports in ind. output 0.027
nii (1994) share of ind. imports in ind. output 0.018
ba initial level of TFP in agriculture 1
bi initial level of TFP in industry 1
bs initial level of TFP in services 1
lo initial level of land 1
ca∗ consumption of agricultural goods 1
51Table 13: Results for the two steady states
1970 DATA 1970 MODEL 1994 DATA 1994 MODEL
Allocation of Capital
Share in Agriculture 0.27 0.64 0.17 0.35
Share in Industry 0.23 0.20 0.45 0.25
Share in Services 0.50 0.16 0.39 0.40
Allocation of labor
Share in Agriculture 0.76 0.52 0.65 0.26
Share in Industry 0.12 0.29 0.17 0.34
Share in Services 0.12 0.19 0.18 0.21
Composition of GDP
Share in Agriculture 0.47 0.64 0.33 0.36
Share in Industry 0.23 0.21 0.28 0.28
Share in Services 0.29 0.15 0.39 0.36
Investment/GDP 0.19 0.19 0.23 0.20
Ind. Net Imports/Ind. Output 0.027 0.027 0.018 0.018
Serv. Net Exports/Serv. Output -0.001 0.109 0.046 0.052
Capital Output ratio 2.70 2.78 1.09 2.84
Factor share
Capital 0.26 0.25 0.26 0.26
Labor 0.44 0.56 0.44 0.63
Land 0.30 0.19 0.30 0.11
52Table 14: Average annual change over the whole period
Allocation of Capital DATA MODEL
Share in Agriculture -2.2% -2.4%
Share in Industry 2.6% 1.0%
Share in Services -1.2% 3.8%
Allocation of labor
Share in Agriculture -0.6% -2.9%
Share in Industry 1.4% 0.6%
Share in Services 1.7% 3.3%
Composition of GDP
Share in Agriculture -1.5% -2.4%
Share in Industry 0.8% 1.1%
Share in Services 1.3% 3.9%
Investment/GDP 0.8% 0.1%
Capital output ratio -3.7% 0.1%
53Table 15: Alternate Simulation Results
1970 DATA 1970 MODEL 1994 DATA 1994 MODEL
Allocation of Capital
Share in Agriculture 0.27 0.53 0.17 0.27
Share in Industry 0.23 0.20 0.45 0.29
Share in Services 0.50 0.23 0.39 0.44
Allocation of labor
Share in Agriculture 0.76 0.45 0.65 0.22
Share in Industry 0.12 0.34 0.17 0.39
Share in Services 0.12 0.21 0.18 0.39
Composition of GDP
Share in Agriculture 0.47 0.57 0.33 0.31
Share in Industry 0.23 0.25 0.28 0.32
Share in Services 0.29 0.18 0.39 0.37
Investment/GDP 0.19 0.23 0.23 0.24
Ind. Net Imports/Ind. Output 0.027 0.027 0.018 0.018
Serv. Net Exports/Serv. Output -0.001 0.086 0.046 0.06
Capital output ratio 2.7 3.23 1.09 3.45
Factor share
Capital 0.26 0.29 0.26 0.31
Labor 0.44 0.54 0.44 0.60
Land 0.30 0.17 0.30 0.09
54Table 16: Alternate Simulation: Average annual change over the whole period
Allocation of Capital DATA MODEL
Share in Agriculture -2.2% -2.8%
Share in Industry 2.6% 0.7%
Share in Services -1.2% 2.8%
Allocation of labor
Share in Agriculture -0.6% -2.9%
Share in Industry 1.4% 0.6%
Share in Services 1.7% 2.6%
Composition of GDP
Share in Agriculture -1.5% -2.5%
Share in Industry 0.8% 1.0%
Share in Services 1.3% 3.1%
Investment/GDP 0.8% 0.3%
Capital output ratio -3.7% 0.3%
55Table 17: Counter factual Experiment I: No trade
1970 DATA 1970 MODEL 1994 DATA 1994 MODEL
Share in Agriculture 0.27 0.64 0.17 0.35
0.27 0.53 0.17 0.27
Share in Industry 0.23 0.21 0.45 0.26
0.23 0.26 0.45 0.30
Share in Services 0.50 0.15 0.39 0.39
0.50 0.21 0.39 0.43
Allocation of labor
Share in Agriculture 0.76 0.52 0.65 0.26
0.76 0.45 0.65 0.22
Share in Industry 0.12 0.31 0.17 0.35
0.12 0.35 0.17 0.40
Share in Services 0.12 0.17 0.18 0.40
0.12 0.19 0.18 0.38
Composition of GDP
Share in Agriculture 0.47 0.64 0.33 0.36
0.47 0.57 0.33 0.31
Share in Industry 0.23 0.23 0.28 0.29
0.23 0.27 0.28 0.33
Share in Services 0.29 0.13 0.39 0.35
0.29 0.17 0.39 0.36
Investment/GDP 0.19 0.19 0.23 0.20
0.19 0.17 0.23 0.24
Capital Output ratio 2.70 2.77 1.09 2.83
2.70 3.23 1.09 3.44
Factor share
Capital 0.26 0.25 0.26 0.26
0.26 0.29 0.26 0.31
Labor 0.44 0.56 0.44 0.63
0.44 0.54 0.44 0.60
Land 0.30 0.19 0.30 0.11
0.30 0.17 0.30 0.09
56Table 18: Counter factual Experiment II: No TFP growth in 1994
1970 DATA 1970 MODEL 1994 DATA 1994 MODEL
Allocation of Capital
Share in Agriculture 0.27 0.64 0.17 0.75
0.27 0.53 0.17 0.64
Share in Industry 0.23 0.20 0.45 0.18
0.23 0.20 0.45 0.23
Share in Services 0.50 0.16 0.39 0.06
0.50 0.23 0.39 0.13
Allocation of labor
Share in Agriculture 0.76 0.52 0.65 0.64
0.76 0.45 0.65 0.56
Share in Industry 0.12 0.29 0.17 0.29
0.12 0.34 0.17 0.33
Share in Services 0.12 0.19 0.18 0.08
0.12 0.21 0.18 0.12
Composition of GDP
Share in Agriculture 0.47 0.64 0.33 0.75
0.47 0.57 0.33 0.67
Share in Industry 0.23 0.21 0.28 0.20
0.23 0.25 0.28 0.23
Share in Services 0.29 0.15 0.39 0.06
0.29 0.18 0.39 0.10
Investment/GDP 0.19 0.19 0.23 0.19
0.19 0.23 0.23 0.22
Ind. Net Imports/Ind. Output 0.027 0.027 0.018 0.018
Serv. Net Exports/Serv. Output -0.001 0.109 0.046 0.17
-0.001 0.086 0.046 0.10
Capital Output ratio 2.70 2.78 1.09 2.75
2.7 3.23 1.09 3.13
Factor share
Capital 0.26 0.25 0.26 0.25
0.26 0.29 0.26 0.28
Labor 0.44 0.56 0.44 0.53
0.44 0.54 0.44 0.52
Land 0.30 0.19 0.30 0.22
0.30 0.17 0.30 0.20
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